1. Introduction {#sec1}
===============

Medical literature abounds with wide recognition and awareness of cardiac risk factors and their effective management in modifying perioperative morbidity and mortality. Although large cohort studies have shown similar rates of postoperative pulmonary and cardiac complications in patients undergoing noncardiac surgery (NCS), there are no well-known risk indices that can help predict and manage postoperative pulmonary complications from underlying pulmonary disease \[[@B1]--[@B3]\]. Guidelines from the American College of Physicians guide list American society of anesthesia (ASA) class 2 or higher, chronic obstructive pulmonary disease, impaired functional class, and congestive heart failure as patient-related risk factors for postoperative pulmonary complications \[[@B4], [@B5]\]. Obstructive sleep apnea (OSA), obesity hypoventilation syndrome (OHS), and pulmonary hypertension (PH) are gaining increasing recognition as pulmonary risk factors for patients undergoing noncardiac surgery (NCS). This paper presents an overview of recognition and management of these important emerging risk factors in the perioperative period.

2. Obstructive Sleep Apnea {#sec2}
==========================

2.1. Scope of the Problem in Perioperative Care {#sec2.1}
-----------------------------------------------

The prevalence of obesity is rising and according to NCHS data more than one third of adults (78 million) are obese as defined by a body mass index (BMI) \> 30 \[[@B6]\]. The obesity epidemic has led to a rise in the prevalence of OSA. In an epidemiologic study, Young et al. estimated the prevalence of OSA with an apnea-hypopnea index (AHI) of 15 or higher in patients aged 30--69 with a BMI \> 40, to be 42--55% for men and 16--24% for women \[[@B7]\]. It is estimated that, between 1990 and 1998, there was a 12-fold increase in the diagnosis of OSA in surgical outpatients \[[@B8]\]. Some of the recent studies report a prevalence of \>30% in neurosurgical patients and up to 91% in patients undergoing bariatric surgery \[[@B9]\]. In another series of 305 patients undergoing elective surgery and screened for OSA by the Berlin questionnaire about 24% patients were noted to be at risk of having OSA \[[@B10]\]. Similar estimates using the STOP (Snoring, Tiredness, Observed apneas, and high blood Pressure) questionnaire, revealed a prevalence of 27.5% in the presurgical population \[[@B11]\]. More recently using the NIS data (largest all payer inpatient discharge database sponsored by the AHRQ), Memtsoudis et al. reported a prevalence of sleep apnea (billed diagnosis) in 1998 versus 2007 to be 0.4% and 2.7% for general surgical procedures and 0.4% and 5.5% for orthopedic procedures, respectively \[[@B12]\].

2.2. Preoperative Assessment among Patients with Suspected OSA {#sec2.2}
--------------------------------------------------------------

With such high prevalence in the presurgical population a large majority of patients with OSA remain undiagnosed at the time of surgery. The gold standard for diagnosing and treating OSA is polysomnography (PSG); it may however not be practical for use in the preoperative setting in such a large population. Trying to identify patients at risk for OSA remains a challenge and surgical preoperative centers should have policies to help identify these patients resulting in appropriate triage and perioperative management. Screening should start with questions about daytime sleepiness, heavy snoring and sudden awakenings with need to catch breath, and witnessed apnea by a partner. Physical exam may provide additional clues like BMI \> 30, short, thick neck, narrow oropharynx, tonsillar hypertrophy, and retrognathia. Among the available screening tools are an 11-point scoring instrument named the Berlin Questionnaire and the STOP and STOP-BANG (B, BMI \> 35; A, age \> 50 years; N, neck circumference \> 40 cm, and G, male gender) questionnaire which is much easier to use. Pulse oximetry is more widely available and cheap; however, its sensitivity and specificity vary widely in studies \[[@B13]--[@B15]\]. The standard preoperative assessment in patients undergoing bariatric surgery includes a formal sleep evaluation using PSG and preoperative initiation of continuous positive airway pressure (CPAP) and titration.

2.3. Perioperative Outcomes in Patients with OSA Undergoing Noncardiac Surgery {#sec2.3}
------------------------------------------------------------------------------

The earliest cases of postoperative complications like respiratory failure among patients with OSA undergoing surgery unrelated to the treatment of OSA were reported by Rennotte et al. in 1995 suggesting that nasal CPAP used before surgery and resumed immediately after extubation helped reduce postoperative complications in patients with OSA \[[@B16]\]. Shortly thereafter in 1997, Ostermeier et al., reported three cases of sudden postoperative respiratory arrest associated with epidural opioids in patients with sleep apnea \[[@B17]\]. All three patients died. The first ever case control study by Gupta et al. using PSG and pulse oximetry data for OSA diagnosis in 101 patients undergoing orthopedic surgery, found a statistically significant higher incidence of postoperative serious complications (listed as unplanned ICU days, reintubations, and cardiac events, 24% versus 9%, *P* = 0.004) and hospital length of stay (6.8 days versus 5.1 days, *P* \< 0.007) \[[@B18]\]. Other similar studies gave varied results in reporting postoperative outcomes among patients with OSA undergoing noncardiac surgery. Among many reasons for such variations in reporting the postoperative complications between different studies are whether OSA was diagnosed by clinical screening or by a gold standard test and especially among the case control studies whether the comparison was against a group of "true controls"; that is, OSA was excluded by formal PSG. Taking these limitations into consideration, to separate cases from true controls, our group used PSG data on all 282 patients undergoing noncardiac surgery. This study confirmed that patients with OSA had a higher incidence of postoperative hypoxemia (OR, 7.9; *P* = 0.009), overall complications (OR, 6.9; *P* = 0.003), unplanned ICU transfer (OR, 4.43; *P* = 0.069), and higher hospital length of stay (OR, 1.65; *P* = 0.049) compared to 189 controls \[[@B19]\]. Also to account for study limitations as well as the single center data reported in most of these studies our group reported a meta-analysis using data on 3942 patients from 13 case control or cohort studies \[[@B20]\]. We found a significant increase in the incidence of desaturation (OR, 2.27; *P* = 0.01), intensive care transfer (OR, 2.81; *P* = 0.002), respiratory failure (OR, 2.43; *P* = 0.003), and cardiac events (OR, 2.07; *P* = 0.007) in patients with OSA.

More recently a large multicenter, retrospective, case controlled study using the NIS database on patients undergoing orthopedic and general surgery reported a higher incidence pulmonary complications (aspiration pneumonia: 1.18% versus 0.84% and 2.79% versus 2.05%; ARDS 1.06% versus 0.45% and 3.79% versus 2.44%; intubation/mechanical ventilation 3.99% versus 0.79% and 10.8% versus 5.94%, all *P* values \< 0.0001) in OSA patients compared to controls in both the surgery groups \[[@B12]\]. Another study using the NIS database confirmed that sleep disordered breathing was associated with increased odds for emergent intubation and mechanical ventilation in patients undergoing orthopedic surgery (OR 14.3, 95% CI 13.3--15.3, *P* \< 0.001), prostate surgery (OR 10.3, 95% CI 8--13.3, *P* \< 0.001), abdominal surgery (OR 2.01, 95% CI 1.7--2.4), and cardiac surgery (OR 1.8, 95% CI 1.65--1.95, *P* \< 0.001). It was also associated with increased odds for atrial fibrillation in all the groups. This study also looked at mortality and found that OSA was independently associated with decreased mortality in the orthopedic (OR 0.65, 95% CI 0.45--0.95, *P* = 0.03), abdominal (OR 0.38, 95% CI 0.22--0.65; *P* = 0.001), and cardiovascular (OR 0.54, 95% CI 0.40--0.73; *P* \< 0.001) cohorts; it had no impact on mortality in the prostate surgery cohort \[[@B21]\]. One way in which the authors explain this result was that patients with OSA have a better prognosis after postoperative respiratory failure compared to those without OSA but the lower overall mortality is not explained. Both these studies have limitations inherent to using administrative databases, wherein the diagnosis is taken from coding and billing data only. For the same reason hospital readmission rates could not be evaluated in either of these studies.

2.4. Perioperative Risk Reduction Strategies in Obstructive Sleep Apnea {#sec2.4}
-----------------------------------------------------------------------

Patients with OSA present with difficult intubation and airway management issues. Both anesthesia and sleep induce reductions in pharyngeal dilator muscle activation and lung volume, thereby predisposing to upper airway obstruction \[[@B22]\]. Patients with known OSA using CPAP at home should be advised to bring their machine to the hospital at the preoperative visit. Patients who are noncompliant should be encouraged to use it more consistently. In patients with previously undiagnosed OSA and high clinical suspicion of OSA based on preoperative assessment, if significant use of opioids and sedation is anticipated based on the type of the surgical procedure, consideration should be given to inpatient surgery as opposed to ambulatory surgery. Wherever possible regional anesthesia and blocks are preferred and for general anesthesia short acting agents like desflurane, propofol and succinylcholine are recommended. A recent multicenter study on sleep apnea patients undergoing total joint arthroplasty found that patients undergoing surgery under neuraxial anesthesia had significant lower rates of major complications compared in which combined neuraxial and general or general anesthesia was used \[[@B23]\]. When using general anesthesia the possibility of difficult intubation should be kept in mind and preparation for induction and intubation should follow the ASA difficult airway guidelines \[[@B24]\]. Full reversal of neuromuscular blockade (when applicable) using a nerve stimulator should be verified prior to extubation \[[@B25]\]. These patients must be fully awake, normothermic, hemodynamically stable, spontaneously breathing with and adequate respiratory rate, and tidal volume prior to breathing.

Multimodal analgesia involving the use of NSAIDS, acetaminophen, tramadol, ketamine, pregabalin, and COX-2 inhibitors should be considered to minimize the use of opioids in the postoperative setting. OSA patients receiving opioids are more likely than patients receiving nonopioid analgesia to have perioperative oxygen desaturations \[[@B26]\]. Patients undergoing ambulatory surgeries should be observed for an extended period of time prior to their discharge home \[[@B27]\]. Continuous pulse oximetry monitoring is recommended in the postoperative setting in patients at risk for respiratory complications of OSA. Cautious use of supplemental oxygen is advised after extubation until the patient is able to maintain his/her baseline oxygen saturation on room air. If frequent or severe airway obstruction or hypoxemia is noted in the postoperative monitoring, consideration should be made to initiate CPAP of NIPPV.

Conclusive evidence mandating perioperative use of CPAP among patients not currently using it is still lacking. A 16% absolute risk reduction in the rate of respiratory failure was reported in a bariatric surgery population with the use of noninvasive ventilation during the first 48 hours after extubation \[[@B28]\]. Among patients with OSA cardioverted for atrial fibrillation, those treated with CPAP were less likely to develop recurrent atrial fibrillation within 12 months of cardioversion compared to patients without treatment with CPAP \[[@B29]\]. A recent study randomized patients with high sleep apnea clinical score (SACS) undergoing elective orthopedic surgery to standard care with auto-PAP and standard care. No differences in length of stay (*P* = 0.65) or secondary outcomes (including unplanned ICU transfer, arrhythmia, MI, or delirium) were observed between the two groups \[[@B30]\].

3. Obesity Hypoventilation Syndrome {#sec3}
===================================

3.1. Importance of Preoperative Screening and Perioperative Implications {#sec3.1}
------------------------------------------------------------------------

Obesity hypoventilation syndrome represents an embedded epidemic of highly morbid patients within the obesity and OSA epidemics. The prevalence of obesity hypoventilation syndrome (OHS) is also rising with the obesity epidemic and it is important for anesthesiologists to recognize and manage these patients perioperatively. A recent meta-analysis of a cohort of more than 4000 patients with OSA reported a 19% prevalence of OHS confirming an overall prevalence of approximately 3 per 1000 \[[@B31]\]. Among OSA patients the prevalence of OHS is reported as 11% and about 90% of patients with OHS have OSA \[[@B32]\]. Studies on bariatric surgery patients have estimated the prevalence of OHS from 7% to 22%, with an overall prevalence of about 8% \[[@B33]--[@B35]\].

OHS is characterized by a triad of chronic daytime hypercapnia (PaCO~2~ ≥ 45 mm Hg), sleep disordered breathing and obesity with a BMI \> 30 kg/m^2^ \[[@B20], [@B21]\]. Arterial blood gas (ABG) measurements are important for confirming chronic daytime diurnal hypercapnia; however, these often cannot be obtained in routine outpatient preoperative settings. Moreover, the diagnosis of OHS can only be established after excluding other potential causes of hypercapnia like severe obstructive airway disease, severe chest wall deformities like kyphoscoliosis, severe interstitial lung disease, and neuromuscular disorders. Given these practical difficulties in establishing the diagnosis there are yet no studies reporting postoperative outcomes among patients with OHS. Patients with OHS tend to have high serum bicarbonate as a metabolic compensation for chronic respiratory acidosis. High serum bicarbonate combined with severity of OSA has been suggested to screen patients for OHS preoperatively \[[@B36]\]. The diagnosis should be confirmed with ABG in suspected OHS patient with high serum bicarbonate (\>27 meq/L).

The general principles of perioperative management in patients with OHS are similar to those in OSA, keeping in mind that patients with OHS tend to represent a sicker cohort. Mortality as high as 23% has been reported in untreated patients with OHS compared to 9% in well-matched obese cohorts at 1.5 years after hospital discharge, adjusted HR of 4.0 (CI: 1.5--10.4) \[[@B37]\]. Untreated patients with OHS are also at risk for pulmonary artery hypertension secondary to chronic hypoxemia and right-sided heart failure \[[@B37], [@B38]\]. Patients with OHS have blunting of their respiratory drive in response of hypercapnia compared to eucapnic obese patients \[[@B24], [@B25]\]. A recent retrospective study showed that most patients with OHS are unrecognized at the time of elective surgery and among patients with OSA; those having OHS are at the highest risk of respiratory failure after elective surgery (44.4% versus 2.6%) \[[@B39]\]. In patients suspected to have OHS and those with known OHS where PAP setting is not known as an empiric inspiratory positive airway pressure (PAP) of 16--18 cm H~2~O and expiratory PAP of 9-10 cm H~2~O can be initiated to overcome upper airway obstruction and improve ventilation \[[@B40]\].

4. Pulmonary Hypertension {#sec4}
=========================

4.1. Pathophysiology of Postoperative Complications in Pulmonary Hypertension {#sec4.1}
-----------------------------------------------------------------------------

Pulmonary artery pressure is a function of left atrial pressure, cardiac output, and pulmonary vascular resistance (PVR). PH may be potentially worsened by several factors during the perioperative period for, for example, hypoxia, acidosis, hypercapnia, positive pressure ventilation, and acute lung injury which may work to increase PVR. Cement, bone marrow, or air embolization to the pulmonary vasculature during hip replacement surgery may also lead to rapid rises in PH. Severe PH and exacerbation of moderate pulmonary hypertension can result in RV failure and acute cardiogenic shock. In normal individuals RV perfusion occurs both in systole and diastole. In patients with PH, as RVSP rises and approaches systemic blood pressure, it leads to compromise in systolic coronary blood flow to the RV. Failing RV leads to increase in RV end diastolic pressures limiting diastolic perfusion as well \[[@B41]\], setting up the cycle for RV ischemia, and further worsening RV function, leading to a decrease in cardiac output and eventually cardiogenic shock.

4.2. Perioperative Outcomes in Patients with Pulmonary Hypertension Undergoing Noncardiac Surgery {#sec4.2}
-------------------------------------------------------------------------------------------------

Pulmonary hypertension is defined by the WHO as mean pulmonary arterial pressure (MPAP) \>25 mm Hg at rest or \>30 mm Hg during exercise. It has long been recognized as an independent risk factor for perioperative complications after cardiac surgery \[[@B42], [@B43]\], with mortality rates of up to 25% \[[@B44]\]. However, PH is not yet included as an independent risk factor for postoperative complications in patients undergoing noncardiac surgery by the ACC/AHA practice guidelines for noncardiac surgery. In a study on 145 patients undergoing noncardiac surgery, Ramakrishna et al. reported a 30-day mortality rate of 7%, and a rate of 42% for one or more short-term morbid event(s) (1.8 events/patient experiencing any event). Respiratory failure (28%), cardiac dysrhythmia (12%), and congestive heart failure (11%) were the most frequent postoperative morbid events. This study also helped define some measures of perioperative risk among patients with PH. These are right axis deviation on EKG, echocardiographic criteria (right ventricular hypertrophy, RV index of myocardial performance ≥0.75), RVSP (right ventricular systolic pressure)/systolic blood pressure ≥0.66, and anesthesia when nitrous oxide was not used \[[@B45]\]. Using multicenter data Memtsoudis et al., reported patients with PH undergoing total hip arthroplasty had an approximately 4-fold increased adjusted risk of mortality, and those undergoing total knee arthroplasty a 4.5-fold increased adjusted risk of mortality compared with patients without PH in the matched sample (*P* \< 0.001 for each comparison) \[[@B46]\]. In the first ever case control study using right heart catheterization (RHC) data among all patients who underwent any elective noncardiac surgery subsequently, our group confirmed that patients with PH were also more likely to develop congestive heart failure (*P* \< 0.001; OR: 11.9), hemodynamic instability (*P* \< 0.002), sepsis (*P* \< 0.0005), and respiratory failure (*P* \< 0.004) \[[@B47]\]. Patients with PH also had longer ICU stay (*P* \< 0.04), higher 30-day readmission rate (*P* \< 0.008), and longer time on mechanical ventilation (*P* \< 0.002). Mean pulmonary artery pressure was identified as an independent risk factor for postoperative morbidity. More recently Meyer et al. in a prospective observational study on 114 patients reported the overall mortality rates in PH patients undergoing major noncardiac surgery, nonobstetric surgery to be around 3.5%. The mortality rate for emergency surgery was reported to be 15% \[[@B48]\].

4.3. Perioperative Risk Reduction Strategies in Patients with Pulmonary Hypertension {#sec4.3}
------------------------------------------------------------------------------------

Preoperative evaluation of PH patients undergoing noncardiac surgery should include evaluating the severity and cause of PH ([Figure 1](#fig1){ref-type="fig"}) \[[@B49]\]. Wherever necessary the severity of PH should be evaluated by way of RHC and concomitant left heart catheterization when left-sided valvular disease or CAD is suspected or the accuracy of pulmonary artery wedge pressure is in question. Perioperative PA catheter monitoring offers several advantages like accurate measurement of PAP (to guide vasodilator therapy), cardiac output (CO), mixed venous oxygen saturation, calculated PVR, CVP, and pulmonary capillary wedge pressure (PCWP) (to guide need for fluids and vasopressors). Angiographic elevations of right atrial pressure and decrease in the cardiac output are of much greater consequence than the elevation of pulmonary artery pressure as these indicate right ventricular (RV) failure \[[@B49]\]. Once confirmed the need for elective surgery in patients with RV failure should be reevaluated and any surgery other than minor surgery should be avoided in these patients. In less-severe cases, or if elevated RA pressure and decreased CO are noticed during surgery; inotropic vasopressors can be tried to treat hypotension and if improved pulmonary vasodilators can then be initiated to decrease PVR \[[@B49]\]. TEE probe insertion after anesthesia induction may be helpful to assess PAP and RV size/function among patients with PH undergoing prolonged surgery or higher anticipated blood loss but has the same hemodynamic effects that follow endotracheal intubation and hence caution is advised \[[@B49]\].

General anesthesia is the most commonly used especially in patients with prolonged surgical time and spinal anesthesia is usually avoided due to its rapid onset and profound sympatholytic effect. No studies have compared the use of general versus regional anesthesia in PH patients. Anesthetic agents with minimal effects on myocardial contractility and SVR like etomidate are preferred while propofol and sodium pentothal having the exact opposite effects should be avoided for induction \[[@B50], [@B51]\]. During anesthesia systemic vasodilators should be avoided and adequate pain control should be ensured. Oxygenation during mechanical ventilation should rely on FiO~2~ rather than positive end expiratory pressure (PEEP).

Patients on PH specific therapy should continue this without interruption. If initiation is required for the first time, short acting pulmonary vasodilators like inhaled nitric oxide or prostacyclin or oral/parenteral sildenafil are recommended \[[@B52], [@B53]\]. Life threatening rebound PH should be anticipated in patients being weaned off from pulmonary vasodilators especially nitric oxide \[[@B54]\]. Gradual weaning and introduction of sildenafil (among patients on NO) may help \[[@B55]\]. Patients on anticoagulation for PH can interrupt this without bridging. Avoidance of systemic hypotension, hypo or hypervolemia, hypoxia, hypercarbia, hypothermia, and acidosis are key factors during the maintenance of anesthesia in these patients. Refractory hypotension can be managed by prompt intra-aortic balloon counter pulsation, LV assist device, or extracorporeal membrane oxygenation \[[@B56]\] when and where appropriate. RV assist devices can have harmful effects on pulmonary microcirculation and atrial septostomy can be used as a bridge to lung transplant or for palliation \[[@B56]\].
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